The influence of carbohydrate (CHO) composition of cereal cultivars on microbial 37 ecophysiology was studied using an in vitro model of the porcine gastrointestinal tract. 38
Introduction 69
The gastrointestinal tract (GIT) of pigs is colonized by a highly diverse microbial 70 10 (http://greengenes.lbl.gov/; 10). Sequences of closest cultured relatives were retrieved 183 and incorporated into ARB phylogenetic software (www.arb-home.de; 24) to assign 184 bacterial species or at least bacterial groups to individual TRF's using the TRFcut tool 185 (http://www.mpi-marburg.mpg.de/downloads/; 34). The theoretical fragments sizes were 186 calculated for the enzyme MspI and fragment sizes having +/-1bp similarity with 187 obtained TRF's were considered a match. Sequences were deposited in GenBank and are 188 available under accession numbers GQ214260-GQ214312. 189
190

In vitro fermentation and proliferation of Salmonella enterica 191
According to the results of the first experiment, 10 barleys cultivars and 6 oats 192 and groats were selected for study using a co-inoculation (fecal inoculum + Salmonella) 193 approach. Citrus pectin (Sigma P-9135) was used as a negative control (7) and Tryptone 194 Soya Broth (TSB) medium was used as growth substrate for enterobacteria. For the co-inoculation approach, the microbial communities in the fermentation 203 bottles were allowed to adapt to the substrate for an initial time of 6h before inoculation 204
with Salmonella. The strain was then inoculated with a syringe after gas pressure 205 11 measurement and gas release to a total concentration of log 3.20 ± 0.2 cfu/ml. 206
Fermentation proceeded for 24 h. Samples of mixed fermentation broth (0.1ml) were 207 taken at 6, 12 and 24 h and immediately plated onto Brilliant Green agar plates 208 (Nov + /Nal + ) and plates incubated as described above. Salmonella colonies were counted 209 and reported as log cfu/ml incubation broth. After 24h, fermentation broth was 210 centrifuged (12.000 x g, 5 min) and the pellet was further used for extraction of genomic 211 DNA as described above. 212
213
Quantitative real-time PCR analysis of bacterial communities 214
Total genomic DNA from samples of the second experiment was extracted as 215 described above. Quantitative real time PCR (qPCR) was performed using previously 216 published primer sets and annealing temperatures ( Table 1 ). The total bacterial counts, 217 counts for Salmonella, enterobacteria, Clostridium cluster XIVa, Clostridium cluster IV, 218
Clostridium cluster I, lactobacilli and Bacteroides were obtained. Amplification was 219 accomplished using an iQ TM SYBR ® Green Supermix (BioRad, Guénette, Canada). 220
Amplification conditions were 95°C for 10 min, followed by 40 cycles with 95°C for 30 221 sec, 50-60°C (depending on bacterial species, Table 1) for 40 sec and 72°C for 40 sec. 222
The amplifications were performed using a CFX96 Real-Time PCR detection system on a 223 C1000 thermal cycler (BioRad, Guénette, Canada) with the data collection set at the 224 annealing/extension step. Standard curves were generated using serial dilutions of 225 purified genomic DNA of Salmonella enterica (for Salmonella quantification). For the 226 quantification of total bacteria, Clostridium cluster XIVa, IV and I, enterobacteria, 227 lactobacilli and Bacteroides, purified PCR products were used that were obtained by 228 12 standard PCR using the primers given in Table 1. The detection limit was 10 2 copy 229 numbers/ml fermentation broth. Melting curves were checked after amplification in order 230 to assure correct amplification results. Results of total counts were reported as log gene 231 copy numbers/ml fermentation broth, whereas the values for the other bacterial groups 232
were reported as relative numbers compared to total bacteria. 233
234
Statistical analysis and calculations 235
The in vitro digestibility of cereal dry matter after pepsin and pancreatin 236 hydrolysis was calculated. Gas accumulation curves during fermentation of hydrolyzed 237 cereals were modeled according to France et al. (14) : 238
where V denotes the gas accumulation, V f (ml x g -1 initial amount of cereal) the 241 maximum gas volume for t = ∞ and lag t (h) the lag time before the fermentation starts. 242
The constants b (h -1 ) and c (h -1/2 ) determine the fractional rate of degradation of the 243 substrate µ (h -1 ), which is postulated to vary with time as follows: 244
The half-time to asymptotic gas production when V = V f 2 was symbolized by T1/2. 246 For analysis of bacterial communites, TRFLP profiles were normalized be 247 calculation of the relative peak area of each individual peak, only fragments with a 248 relative peak area ratio of % 1 ≥ in constrained ordinations such as RDA, these predictors are further restricted and 264 ordination axes must be generated from linear combinations of weighed environmental 265 variables. The explanation of response variables with synthetic variables (ordination 266 axes) can therefore be further defined using values of the explanatory characteristics (37). 267
Significance of the overall ordination model as well as the effect of explanatory variables 268 during development of the ordination model was tested using Monte Carlo permutation 269 test (n=499). 270
Finally, statistical analysis of dry matter digestibility (dDM) during pepsin-271 pancreatin hydrolysis, in vitro gas production kinetics parameters (L, T1/2, Vf), total 272 short-chain fatty acid (SCFA) production and molar ratios of individual SCFA after 72 h 273 14 of in vitro fermentation as well as qPCR results from the second co-inoculation run was 274 performed by ANOVA followed by Tukey-HSD test using SPSS (version 17.0, Chicago, 275 IL, USA). P-values of <0.05 were considered significant. 276
277
Results
278
Chemical composition of cereals 279
The chemical composition of the cereals used in this study is presented in Table  280 S1. There was a high variation between cereal types and cultivars. The β-glucan content 281 ranged from 4.6 (CDC McGwire) to 12.7% (CDC Fibar) in hulless barleys and from 4.1 282 to 5.9% in common barleys, whereas slightly lower values where found in the oat 283 cultivars (2.9 to 5.1%). The 'waxy' hulless barleys CDC Rattan, SR93139, CDC Fibar, 284 SB94917 and HB393 showed low levels of amylose starch whereas the 'high amylose' 285 cultivars SH99250 and SB94893 had amylose concentrations of 38.9 and 46.1% of total 286 starch respectively. The tNSP values varied from 7.7 to 15.3% in hulless barleys, 11.9 to 287 17.2% in common barley, and 16.6 to 26.1% in oats, likely due to the higher content of 288 cellulose and lignified hulls. 289
290
In vitro fermentation parameters 291
The dDM after enzymatic hydrolysis and the fermentation parameters are 292 presented in summarized form for the different cereal types in showed almost similar values with lower variability, whereas the highest digestibility was 299 found for oat groats (up to 89.7%). The fermentation characteristics also showed 300 considerable variation within and between grain types. For example, the lag t was 301 increased with high amylose hulless barleys. Most differences were observed for final gas 302 volume, which was expressed per g of original non-hydrolyzed cereal. There was an 303 apparent effect of starch type and β-glucan content on gas production. High amylose 304 barleys SB94893 and SH99250 had the highest values followed by the high β-glucan 305 cultivars. Total SCFA production was highest with hulless barleys and oat groats but 306 ranged from 374 (SB90300) to 535 mg/g substrate (CDC Fibar) in hulless barleys and 307 from 365 (HiFi) to 459 mg/g substrate (CDC ProFi) with oat groats. The lowest values 308 (except for CDC SO-I) were found for oats whereas the common barleys had 309 intermediate values. The high hull containing oats had higher molar ratios of acetate (59.7 310 to 71.2%) and lower values for butyrate (7.6 to 12.0%) as compared to the other varieties. 311
The highest values for propionate were found with oat groats with 24.6 to 26.6% for 312
Morgan and CDC ProFi, respectively. Branched chain fatty acids as indicators of protein 313 breakdown were found to be lowest with oats (0.7 to 4.2% for CDC SO-I and CDC ProFi, 314 respectively), whereas higher values were observed with hulless barleys (5.3 to 6.1% for 315 SB90354 and SB90300, respectively) and oat groats (5.2 to 5.7% for Morgan and CDC 316
ProFi/CDC Sol-Fi, respectively). Fibar, SH99250 and SB94893 (Table 3 ). These four cereal types had similar values as the 394 negative control pectin. In contrast, the relative proportion was highest in the blank and 395 with the oat cultivars. The relative contribution of enterobacteria and lactobacilli was 396 generally low, whereas Clostrium cluster XIVa, IV, I and Bacteroides dominated the 397 bacterial communities. Overall, 77% of the total bacterial communities were detected 398 with the current qPCR approach ranging from 61% (TSB) to 93% (pectin). Similar to the 399 TRFLP results, there were significant differences according to the grain type with 400
Clostridium clusters IV and I. Almost no differences were observed for cluster XIVa, 401
whereas Bacteroides showed no clear response according to grain type or cultivar. Table S1 . Chemical composition of cereal varieties Name DM 1 Table S2 . Dry matter digestibility (dDM) during pepsin-pancreatin hydrolysis, in vitro gas production kinetics parameters (L, T1/2, Vf), total short-chain fatty acid (SCFA) production and molar ratios of individual SCFA after 72 h of in vitro fermentation with a fecal inoculum from growing pigs of the hydrolyzed residues of the different barley and oat varieties. 
